Background: The post-surgical management of ductal intraepithelial neoplasia (DIN) of the breast is still a dilemma. Ki-67 labelling index (LI) has been proposed as an independent predictive and prognostic factor in early breast cancer.
The post-surgical management of patients with ductal carcinoma in situ of the breast, recently referred to as ductal intraepithelial neoplasia (DIN1c, 2 and 3; Veronesi et al, 2006) is still a dilemma (Solin, 2012) . Following a diagnosis of DIN, the risk of ipsilateral recurrence after breast-conserving surgery (BCS) without radiation therapy (RT) or hormonal therapy (HT) is approximately 30% at 10 years (Bijker et al, 2006) . Four randomised clinical trials have shown that RT after BCS reduced the risk of local recurrence (whether in situ or invasive) by approximately 50% at 10 and 15 years of follow-up (Fisher et al, 1998; Bijker et al, 2006; Cuzick et al, 2011; Wapnir et al, 2011) . In a meta-analysis of 3729 women with DIN, RT after BCS reduced the absolute 10-year risk of any ipsilateral breast event by 15.2% (12.9% with RT vs 28.1% without RT; Po0.001) (Correa et al, 2010) . Similarly, randomised clinical trials have shown that adding adjuvant tamoxifen reduces the risk of all breast cancer events (ipsilateral plus contralateral) by approximately 30% at 10 and 15 years of follow-up Wapnir et al, 2011; Allred et al, 2012) . However, neither RT nor HT have been reported to improve survival, and this is particularly relevant when considering that both RT and HT carry rare but serious risks (Paszat et al, 1998 (Paszat et al, , 2007 Cuzick et al, 2011; Wapnir et al, 2011; Allred et al, 2012) .
As ipsilateral mastectomy is a dearly prize to pay for a minimal or absent risk of recurrence, patients and physicians often opt for conservative surgery followed by RT and HT to reduce the risk of recurrence, despite awareness that this may be an over-treatment for most patients. To improve clinical decision making, Rudloff et al (2010) reported an internally validated nomogram integrating 10 clinical, pathological and treatment-related variables to predict the risk of local recurrence for DIN patients. Unfortunately, a recent report on independent series of patients by Yi et al (2012) did not fully validate this nomogram and again the debate about how to manage at best DIN patients has been re-opened. Both studies (Rudloff et al, 2010; Yi et al, 2012) concur that molecular profiling will potentially improve risk stratification for women with DIN.
Gene expression studies recently led to a better understanding of the biological complexity of invasive breast carcinomas (BCs), allowing to discriminate different molecular subtypes (Luminal A (LumA), Luminal B (LumB), human epidermal growth factor receptor-2 (HER2)-enriched and basal-like) with specific clinical behaviour, whose progression may be tackled using different therapeutic strategies. Interestingly, the application of traditional immunohistochemical markers such as oestrogen receptor (ER), progesterone receptor (PgR), HER2 status and Ki-67 labelling index (LI) has been convincingly demonstrated to be a robust surrogate for the molecular assays in BC classification, and has been therefore recommended in clinical practice and recently endorsed by the San Gallen panellists (Goldhirsch et al, 2011) . In particular, Ki-67 LI has been proposed as an independent predictive and prognostic factor in early BC (Urruticoechea et al, 2005) , although uncertainty concerning the most effective threshold for discriminating between low and highly proliferative tumours still persists.
To assess the predictive and prognostic power of immunohistochemically defined molecular subtypes and of Ki-67 LI in DIN, we selected a large retrospective series of consecutive patients treated in a single institution over a time frame of 410 years.
PATIENTS AND METHODS
Study population. The study cohort consisted of all consecutive women included in a dedicated institutional database who underwent primary breast surgery at the European Institute of Oncology (EIO) between 1 January 1997 and 31 December 2007, who were diagnosed with DIN1c-3, and who were followed-up by the EIO staff. This is a retrospective study reported in accordance with the REMARK criteria (McShane et al, 2006) . Relevant data on patients' medical history, kind of surgery and pathologic assessment of morphologic and biologic features were combined.
Treatment assignment. Treatment assignments have been discussed by a multidisciplinary team on a weekly basis, and overall some differences in treatment selection over the 10-year follow-up period were observed. Whole breast RT was generally not offered to women with low-grade disease (DIN1c). On the other hand, RT was recommended to women with DIN2-DIN3 disease with a combination of risk factors such as young age, the presence of comedo histology or necrosis, and positive margins. Given the results of randomised trials confirming a beneficial effect of RT (Fisher et al, 2001; Bijker et al, 2006) , physicians' recommendations towards RT have changed over time. The most common RT schedule was 50 Gy without a boost. Similarly, preventive drug administration to ER-positive (ERpos) DIN patients has changed during the 11-year period: unless a clinical trial was available, no HT was routinely recommended. However, during the last 5 years, a benefit of low-dose tamoxifen on surrogate end point biomarkers of BC with fewer side effects (Decensi et al, 2007) has been shown in several phase II trials conducted at the EIO in premenopausal women with DIN (Guerrieri-Gonzaga et al, 2006) in healthy women at increased risk for BC (Decensi et al, 2007) , or in the pre-surgical setting of invasive BC (Decensi et al, 2003) . Depending on the medical history, low-dose tamoxifen (either 5 mg per day or 20 mg once a week) has been offered to ERpos DIN patients since January 2004. No treatment was administered to women with ER-negative (ERneg) disease (Guerrieri-Gonzaga et al, 2010) .
Pathology methods. Our institute adopted the DIN classification since 2006 (Veronesi et al, 2006) . The initial version as proposed by Tavassoli (1998) (Tavassoli, 2005) .
For this analysis, the immunohistochemical data obtained at the time of the original diagnosis without any specific image analysis support have been used. Pathological assessment included evaluation of histological type, grade (Tavassoli, 1998) , stage, presence of necrosis and microcalcification. Oestrogen receptor, PgR, Ki-67 LI and HER2 expressions were evaluated by immunohistochemistry, as previously described (Dowsett et al, 2007; Viale et al, 2007; Ellis et al, 2008) . For all the probes used, the immunohistochemical results were scored by counting at least 500 cells at Â 400 magnification, and by recording the percentage of cells showing any definite nuclear (for ER, PgR and KI-67) and membranous (for HER2) staining. Human epidermal growth factor receptor-2 immunoreactivity assessment was carried out according to the intensity and completeness of cell membrane staining, as per the FDA scoring system (Birner et al, 2001 ) (HER2pos). The adopted subtype classification based on immunohistochemistry was the following: LumA when either one or both of ER and PgR were present (X1%), HER2 was not overexpressed and the Ki-67 LI was below o14%; LumB when ER and/or PgR were present and Ki-67 LI was X14% irrespective of HER2 overexpression; HER2pos when ER and PgR were absent and HER2 was overexpressed, irrespective of the Ki-67 LI; triple negative when ER and PgR were absent and HER2 was not overexpressed.
Statistical methods. The main end point was the ipsilateral breast recurrence, whether in situ or invasive. Its cumulative incidence was calculated from surgery to the ipsilateral breast recurrence as first event or to last visit in case of no events. Other first events such as contralateral recurrences, other primary tumours and deaths were considered as competing events. The Gray test was used to test the difference in the cumulative incidence between subgroups of patients. A multivariate Cox proportional hazards regression model was used to evaluate the independent effect of the factors, which were statistically significant at the univariate analysis. Tumour grade was also added in the multivariable analyses when evaluating the independent effect of Ki-67 LI, molecular subtype and treatment. To evaluate the effect of RT, patients with DIN2-DIN3 undergoing BCS were selected, whereas patients with ERpos DIN were investigated for the role of HT. To examine the shape of the relationship between Ki-67 LI and the hazard of local recurrence, a multivariable restricted cubic spline model was used (Durrleman and Simon, 1989) . Cubic splines are smoothly joined piecewise third-order polynomials. Polynomials are fitted within intervals delimited by knots, and restrictions are placed on the resulting curve to ensure a smooth appearance at the knot points. A four-knot analysis was performed. A multivariable fractional polynomial interaction (MFPI) model was used to detect an interaction between the effect of RT and Ki-67 LI on the risk of local recurrence (Royston and Sauerbrei, 2004) . All multivariable analyses were adjusted for clinical, pathological prognostic features and treatments, as appropriate. All analyses were carried out with the SAS software (SAS Institute, Cary, NC, USA) and the R (http://cran.r-project.org/) software with the Harrell's Design and Hmisc libraries. STATA Statistical Software (StataCorp LP, College Station, TX, USA) was used to estimate the MFPI model. All the reported P-values were two sided.
RESULTS
From January 1997 to December 2007, a total of 1171 female patients with DIN were referred to the interdisciplinary evaluation, and their data were included in the institutional database. Table 1 summarises the main baseline characteristics of the entire cohort. Mastectomy (n ¼ 299) was more frequent in young women (35.4% in women o50 years and 18.4% in women X50 years; Po0.01). Overall, the number of women with DIN2-DIN3 disease not receiving RT decreased from 65. Notably, at univariate analysis, factors significantly associated with ipsilateral recurrence (Pp0.05) were age and menopausal status, microcalcifications, necrosis, Ki-67 LI, type of surgery, HT and RT (Table 1) . On multivariable analysis, all these factors remained statistically significant but the presence of necrosis. After a median follow-up of 86 months (range, 1-192 months), a total of 215 breast events occurred, including 79 local in situ, 84 invasive (64 local, 20 loco-regional) and 52 contralateral (15 in situ and 37 invasive) events. Thirty-one deaths were observed (5 for BC, 14 for other tumours, 7 for other causes and 5 for unknown reasons). Only 57 women (4.9%) had no information for the last 2 years.
When patients were stratified by Ki-67 LI (o14% (n ¼ 538, 46%), between 14% and 20% (n ¼ 272, 23.2%), and 420% (n ¼ 361, 30.8%)) ipsilateral recurrences (5-year cumulative incidence) were 66 (9.4%), 39 (10.3%) and 58 (13.0%), respectively (Wilcoxon test for trend P ¼ 0.05). When analysing Ki-67 LI as a continuous variable, the risk of recurrence increased steeply with increasing Ki-67 LI up to about 14%, then less steeply for values up to 30%, and remained approximately flat after 30% (Figure 1 ). The prognostic role of Ki-67 on the risk of local recurrence was statistically significant (P ¼ 0.02), after the adjustment for the clinical factors shown to be predictive of recurrence, including treatments and tumour grade. When patients were stratified according to the LumA, LumB/HER2neg and LumB/HER2pos types, the 5-year cumulative incidence of ipsilateral recurrence was 9.1%, 10.3% and 15.3%, respectively, with an adjusted hazard ratios (HRs) LumBHER2neg vs LumA of 1.58 (95% CI, 1.01-2.47) and HR LumBHER2pos vs LumA of 1.70 (95% CI, 1.05-2.75; Figure 2A ). Both HRs were adjusted for the clinical factors shown to be predictive of recurrence, including treatments and tumour grade. No difference in the 5-year cumulative incidence in the HER2pos and triple-negative subgroups was observed ( Figure 2B ).
The role of low-dose tamoxifen according to subtypes in patients with ERpos DIN is shown in Figure 3 . Low-dose tamoxifen was significantly effective in both LumA (adjusted HR HT vs NoHT : 0.56 (95% CI, 0.33-0.97)) and LumB/HER2neg DIN (HR HT vs NoHT : 0.51 (95% CI, 0.27-0.95)), but not in LumB/ HER2pos (HR HT vs NoHT : 1.06 (95% CI, 0.56-2.05). Notably, the We analysed the role of RT according to Ki-67 LI as a continuous variable in DIN2/DIN3 patients after BCS. Curve and interaction model were adjusted for menopause, body mass index, HER2, ER, grade, presence of necrosis, margins and microcalcifications, and HT. Radiation therapy was protective in patients with DIN with Ki-67 LI X14%, whereas no evidence of protection was seen for Ki-67 LI o14%. Notably, the higher the Ki-67 LI, the stronger the effect of RT (P-value for interaction between RT and Ki-67 LI o0.01; Figure 5 ).
Radiation therapy was effective in all the subtypes of DIN but LumA subtype, where no benefit was observed. As shown in Figure 6 , the adjusted HR RT vs NoRT for LumB/HER2neg, LumB/ HER2pos and HER2pos subtypes was 0.20 (95% CI, 0.08-0.48), 0.44 (95% CI, 0.16-1.20) and 0.15 (95% CI, 0.04-0.50), respectively. The HR for triple-negative subtype was 0.40 (95% CI, 0.07-2.41) and was not adjusted because of the sparse number of events.
Finally, to investigate the effect of RT according to histological grade, we focused the analysis on DIN2 patients stratified by Ki-67 LI. After adjustment for menopause, surgical margins, presence of necrosis, microcalcifications and HT, RT was not effective in DIN2 patients showing a Ki-67 LI o14% (HR RT vs NoRT : 1.15 (95% CI, 0.47-2.80)). On the contrary, DIN2 with Ki-67 LI X14% benefit the most from RT in terms of ipsilateral recurrence (HR RT vs NoRT : 0.18 (0.07-0.46); Figure 7 ).
DISCUSSION
Although the results are not extrapolated from a randomised clinical trial, and may contain different selection biases, we believe our data provide some important hints to be further investigated in a large phase III trial. Younger age at diagnosis and high-grade DIN have been associated with an increased risk of local recurrence (Fisher et al, 1999; Vicini et al, 2000; Kerlikowske et al, 2003; Boughey et al, 2007) , although these factors do not distinguish the individual's risk of developing in situ or invasive recurrences. Despite several studies evaluated the prognostic significance of ER, PgR and HER2 status as predictors in DIN (Ringberg et al, 2001; Provenzano et al, 2003; Cornfield et al, 2004; Kerlikowske et al, 2010) , the relevance of Ki-67 LI has been relatively less investigated so far. In our study, we evaluated the clinical outcomes and relationships between Ki-67 LI and prognosis in a large cohort of patients with DIN of the breast. We demonstrated that the risk of recurrence for DIN increased steeply with increasing Ki-67 LI up to about 14%, then less steeply up to 30% and remained approximately flat after 30%, suggesting a potential cutoff for better categorising this population of women at increased risk for BC and in which preventive RT should be differently addressed, independently of histological grade. Notably, the extrapolated Ki-67 LI cutoff coincides with that identified by Cheang et al (2009) for the subtype classification of invasive BC. Although the translation of large-scale genomic analyses of DIN into clinically applicable predictive biomarkers are awaited, the study by Cheang et al (2009) demonstrated that expression of ER, PgR, HER2 and the Ki-67 LI appear to distinguish LumA from LumB BC subtypes. In particular, the best Ki-67 LI cut point to distinguish LumB from LumA tumours was 13.25%.
Interestingly, our findings corroborate the results of two previous studies (Kerlikowske et al, 2010; Rakovitch et al, 2012) of population-based cohorts in which individuals with DIN had been treated by BCS alone or followed by RT, which showed a prognostic role of high Ki-67 (410%) when associated to other biomarkers.
In our institution, the indication for RT after BCS for DIN is the presence of necrosis and/or high tumour grade (G3). However, 59 women with Ki-67 LI o14% received RT after surgery for a LumA DIN (because of young age or margin involvement), without any reduction of the risk of recurrence. According to our results, women with LumA DIN with Ki-67 LI o14% could be spared RT. Patients with all the other DIN subtypes who received RT had a significant protection in terms of ipsilateral recurrence compared with those who did not, and the effect was independent of tumour grade, presence of necrosis and HT. Although our results should be considered with caution in the absence of randomisation, the adjustment in the multivariable analysis should provide a reliable estimate of the effect of RT. All patients with DIN3 and DIN2 with a Ki-67 LI X14%, should receive RT irrespective of the occurrence of necrosis. Oestrogen receptor and PgR expression are established predictive factors for clinical response to endocrine treatment, but the prognostic significance of their expression level remains an intriguing matter of debate. A recent meta-analysis reported a limited evidence that women whose DIN is ERneg, PR-negative or HER2/neu receptor positive have an higher risk of recurrence than those whose DIN is ERpos, PR-positive and HER2/neu receptor negative (Wang et al, 2011) . However, a different perspective emerged from a study in the early 1990s in invasive disease using a graduated scale of receptor expression by biochemistry. Analysing 952 postmenopausal women with untreated breast cancer, those with the highest ER levels had, in fact, as poor a prognosis as ERneg patients, whereas those with intermediate ER levels had the longest recurrence-free survival (Thorpe et al, 1993) . In our analysis, the cut point between the ER and PgR expression levels used to define high endocrine responsiveness was 50% of positive tumour cells, according to the St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2009 (Goldhirsch et al, 2009) . We confirmed our previous results (Guerrieri-Gonzaga et al, 2010) in which high ER and especially high PgR expression (450%) was a significant adverse prognostic indicator of DIN. Although our findings should be viewed with caution as they derive from a non-randomised comparison, lowdose tamoxifen was effective in patients with highly endocrineresponsive DIN, and it should be recommended as a post-surgical treatment for women with DIN characterised by Ki-67 LI o14%, ER 450%, PgR 450% if no contraindication occur. On the contrary, DIN patients with lower expression of steroid hormone receptors (in particular PgRo50%) did not benefit from low-dose tamoxifen and may remain untreated or participate in clinical trials to test different compounds. A possible explanation might be that PgR expression is promoted by ER and may thus identify a subgroup of DIN with a less activated ER pathway with the lower sensitivity to endogenous hormones (Decensi et al, 2012) . Studies have found HER2 to be of prognostic significance in invasive cancer; however, its importance in DIN has yet to be elucidated (Latta et al, 2002; Lari and Kuerer, 2011) . In the adjuvant setting, HER-2 overexpression has been associated with a poor prognosis and may predict resistance to tamoxifen (Osborne et al, 2003; De Placido et al, 2003) . In our series, low-dose tamoxifen seems to be neither effective nor detrimental in DIN-overexpressing HER2. With regard to HT, 20 mg per day tamoxifen is a common treatment for ERpos DIN, although the results from randomised clinical trials are not conclusive (Houghton et al, 2003; Cuzick et al, 2011; Wapnir et al, 2011; Allred et al, 2012) . Other drugs such as aromatase inhibitors are currently under investigation in two large international phase III trials in postmenopausal women with ERpos DIN, comparing 20 mg per day tamoxifen with 1 mg per day anastrozole (Cuzick, 2003; NSABP-B-35, 2012) . However, data from the adjuvant setting with anastrozole have shown some toxicity (Baum et al, 2003 ) that needs to be taken into account when treating less aggressive disease, such as non-invasive BC. In spite of the long half-life of tamoxifen (Buckley and Goa, 1989) and its active metabolites, the strategy of lowering the standard dose of this drug has not yet been evaluated in DIN patients. Although limited by the lack of a randomised comparison, our results suggest that the promising beneficial effect on surrogate biomarkers observed in phase II trials (Decensi et al, 2007) now has clinical confirmation as a potentially effective risk reduction approach. A randomised placebo-controlled phase III trial for women with DIN or LIN is currently underway and will provide additional information about the efficacy and safety of 5 mg per day of tamoxifen in the preventive setting (Zanardi et al, 2011) .
The variability of Ki-67 LI determination across pathology labs is now a major concern, especially if a precise cutoff is proposed to discriminate DIN patients who should undergo RT. To address this Interaction between radiotherapy and Ki-67 LI P -value <0.01 Figure 5 . The solid curve represents the continuous relationship between Ki-67 LI and the effect of radiotherapy on the occurrence of ipsilateral recurrence. HR ¼ 1: no effect of RT. HRo1: protective effect of RT. The underlying model is adjusted for menopause, body mass index, surgical margins, HER2, ER, grade, presence of necrosis and microcalcifications and HT. Dotted lines represent the 95% CIs. Ki-67 LI is reported in a log scale. issue, the International Ki67 in Breast Cancer Working Group has recently released guidelines, based on current evidence, that should allow harmonisation of methodology and lead to the definition of the clinical utility of this potentially important marker (Dowsett et al, 2011) . Ki-67 LI, as assessed by IHC with the monoclonal antibody MIB1, has the largest body of literature support. The panellists endorsed Ki-67 LI as one of the most robust immunohistochemical biomarkers, showing relatively consistent measurements in specimens across a range of conditions used in routine fixation, tissue processing, and IHC analysis (Dowsett et al, 2011) . In conclusion, more research is needed to determine whether prognostic factors, useful biomarkers and/or more complex molecular signatures will contribute to develop innovative classifications able to reflect the clinical behaviour of DIN subtype and consequently guide treatment choices. The molecular alterations associated with local in situ recurrence differ from those associated with invasive recurrence (Rakovitch et al, 2012) . Further research is needed to identify biomarkers distinguishing individuals at risk for in situ recurrences from those at risk of developing invasive recurrences, to further evaluate the prognostic role of Ki-67 LI alone or in combination with other biomarkers on the risk of in situ and invasive recurrence, and to validate the effects of RT on the clinical outcomes of the disease. Figure 6 . HRs for all subtypes but triple negative were adjusted for menopause, body mass index, surgical margins, grade, presence of necrosis and microcalcifications and HT. HR for triple negative tumours was unadjusted because of the sparse number of events.
